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EXECUTIVE SUMMARY

The Environmental Evaluation Work Plan (EEW) has been prepared for Operable Unit
(OU) No. 2 (903 Pad, Mound, and East Trenches Area) at the U.S. Department of Energy

(DOE) Rocky Flats Plant (RFP) which is situated northwest of Denver, Colorado. The
EEW is based on:

e The Environmental Protection Agency’s (EPA’s) mandate under the
Comprehensive Environmental Response, Compensation, and Liability Act
("CERCLA" or "Superfund") to protect human health and the environment from
actual or threatened releases of hazardous substances

» The requirement of the National Oil and Hazardous Substances Contingency
Plan (NCP) to perform "environmental evaluations" at CERCLA sites in order
to assess threats to the environment

o The EPA Risk Assessment Guidance for Superfund Volume II Environmental
Evaluation Manual (EPA, 1989b)

» The Federal Facility Agreement and Consent Order entered into between the
DOE, EPA Region VIII, and the State of Colorado, also known as the
Interagency Agreement (IAG), which requires the DOE to perform
environmental response activities at the RFP that are consistent with the
requirements of CERCLA and other applicable federal and State laws and
regulations.

The EEW described in this volume provides a generalized overview of the RFP, establishes
environmental evaluation (EE) purposes and objectives, details an environmental evaluation
methodology, and identifies specific tasks to be undertaken as part of the EE
implementation process. Appendix C of the document contains a Field Sampling Plan
(FSP) which describes a comprehensive program for sampling and analysis of biological
resources and ecosystems within and near OU No. 2 in order to assess potential ecological

consequences of releases of contaminants from the 903 Pad, Mound, and East Trenches
Area.

A Phase I remedial investigation (RI) has been conducted for OU No. 2 in order to gain
site specific information on soils, ground water, and surface water (Rockwell International,

1987). The planned Phase II RCRA Facility Investigation/Remedial Investigation and
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Feasibility Study (RFI/RIFS) will include a baseline risk assessment comprised of two
parts: a human health risk assessment and an environmental evaluation (or ecological risk

assessment). In this context, the EEW is integral to the Phase II RFI/RIFS work plan.

The EEW describes the process by which potential environmental risks deriving from
existing OU No. 2 conditions will be assessed, relying in part on data collected during the
Phase I and Phase II RFI/RIFS. When the EEW is implemented, it will characterize the
levels and toxicity of hazardous substances present in the environment, the fate and
transport of contaminants, and the potential for exposure of contaminants to plants and
animals. The EE approach has much in common with human health risk assessments in
that the same basic steps are employed: contaminant identification, exposure assessment,
toxicity assessment, and risk characterization. The process is illustrated in Figure 2 of the
EEW. The major guidance document that will be relied upon in implementing the EEW
is the EPA Environmental Evaluation Manual (EPA, 1989b).

The principal focus of the EEW is on an environmental evaluation methodology which is

described in detail in Section 2.0. The basic methodological components addressed are:
1. Data evaluation and analysis

2. Environmental analysis (ecosystem characterization, field investigations, and
exposure pathway analysis)

3. Toxicity assessment which estimates exposure and dose or major ecological
consequences using specific ecological endpoints

4. Risk characterization based on the environmental analysis, exposure pathway
assessment, and toxicity assessment.

The overall purpose of the OU No. 2 EE is to document a qualitative and, where possible,
a quantitative assessment of actual or potential threats of damage to the environment
including wildlife and vegetation species, habitats, and sensitive ecosystems. The EE’s

multiple objectives are listed in EEW Subsection 1.4.
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Although the principal focus of the EEW is on the environmental evaluation methodology
detailed in Section 2.0, and the FSP in Appendix C, ten specific tasks under which the EE

will be organized, staffed, managed, and performed are identified in EEW Section 3.0.

These tasks are as follows:
Task 1 -- Project Organization and Management
Task 2 -- Quality Assurance and Quality Control (QA/QC) Program
Task 3 -- Health and Safety Plan
Task 4 -- Project Documentation
Task 5 -- Scheduling, Costing, and Schedule/Cost Control
Task 6 -- Review of Existing Information
Task 7 -- Data Evaluation and Analysis
Task 8 -- Field Investigations (including Field Sampling)
Task 9 -- Ecological Risk Assessment

Task 10 -- Environmental Evaluation Report

EE program flexibility will be required as the nature and scope of any particular task may
need to be modified depending on changes in the existing database, the results of
qualitative field surveys, and the data derived from the quantitative field sampling and

analysis.

The FSP (Appendix C) will be integrated with the OU No. 2 Phase II RFI/RIFS field
sampling program as well as sampling by the Rocky Flats Environmental Monitoring and
Analysis Program (EMAP). The sampling procedures discussed have been designed to
follow protocols recommended by the EPA and the U.S. Fish and Wildlife Service. Overall
objectives of the FSP are to: (1) characterize biological resources in order to conduct the
ecological impact assessment, and (2) acquire the data needed to measure the effects of

contaminants on ecological systems. Detailed sampling program objectives are listed in
Section C.2.0 of Appendix C.
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The FSP will consist of both qualitative field surveys and quantitative field sampling. Both
programs will identify, characterize and assess aquatic ecosystems (periphyton, benthic
macroinvertebrates, and fish) and terrestrial ecosystems (grassland vegetation, small
mammals, invertebrates, and wetlands). The FSP also addresses quality assurance/quality
control, sample documentation, equipment calibration and checks, health and safety, waste

management, sample handling and analytical protocols, and statistical analysis and

procedures.
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ENVIRONMENTAL EVALUATION WORK PLAN
OPERABLE UNIT NO. 2
903 PAD, MOUND, AND TRENCHES AREAS

1.0 INTRODUCTION

Under §106 of the Comprehensive Environmental Response, Compensation, and Liability
Act ("CERCLA" or "Superfund"), the Environmental Protection Agency (EPA) is mandated
by the Congress to take appropriate action whenever "there may be an imminent and

substantial endangerment to the public health or welfare or the environment because of an

actual or threatened release of a hazardous substance from a facility” (emphasis added).
This same language is employed in §104 although the concept of hazardous substance is
broadened to include "any pollutant or contaminant.” The EPA’s mandate to protect human
health and the environment is reiterated throughout CERCLA [e.g., §§121(b)(1), 121(c),
and 121(d)] and its major implementing regulations which are contained in the National Oil
and Hazardous Substances Contingency Plan (NCP) [40 CFR Part 300, Subpart F]. The
NCP was extensively revised on March 8, 1990 (55 FR 8666) to incorporate requirements
of the Superfund Amendments and Reauthorization Act of 1986 ("SARA"). It provides the
overall framework for identifying and obtaining information on hazardous substance sites,
assessing the nature and extent of the contamination, determining the risk to human health
and the environment, evaluating and selecting remedial action technologies, and

implementing decisions on remedial actions.

The requirement for the performance of "environmental evaluations" at CERCLA sites
derives from NCP specifications for remedial investigations and feasibility studies (RI/FSs).
The regulations in 40 CFR §300.430(e)(i)(G) provide as follows:

Environmental evaluations shall be performed to assess threats
to the environment, especially sensitive habitats and critical
habitats of species protected under the Endangered Species
Act.



This does not mean that environmental evaluations (EEs) are to be limited to assessing

risks to threatened or endangered species of plants or animals.

Detailed guidance on conducting environmental evaluations is contained in the EPA "Risk
Assessment Guidance for Superfund Volume II Environmental Evaluation Manual” (EPA,
1989b). Although an "environmental evaluation” is specifically required by the NCP, the
EPA uses the term "ecological assessment” as being a more precise description of the
activities that actually take place in the environmental evaluation process. The EPA
Manual defines an ecological assessment as "a qualitative and/or quantitative appraisal of
the actual or potential effects of a hazardous waste site on plants and animals other than
people and domesticated species" (EPA, 1989b). The EPA manual recognizes that
ecological assessments may identify new or unexpected exposure pathways that may affect

human populations.

Ecology is a branch of biological science devoted to the study of the interrelationships
between organisms and their environment. In the context of any CERCLA site, human
health is inextricably linked to the survival and physiological condition of nonhuman
species. Thus, a risk assessment focusing on human health and an ecological assessment

are, essentially, different sides of the same coin.

This Environmental Evaluation Work Plan (EEW) has been prepared for operable unit (OU)
No. 2 (903 Pad, Mound, and East Trenches Area) at the U.S. Department of Energy (DOE)
Rocky Flats Plant (RFP) near Denver, Colorado. The EEW provides a generalized
overview of the site, establishes a purpose and objectives, addresses an environmental
evaluation methodology, and identifies tasks to be undertaken as part of the environmental

evaluation implementation process.

1.1 OVERVIEW OF ROCKY FLATS PLANT AND OPERABLE UNIT NO. 2
The RFP is a government-owned and contractor-operated facility that is part of the
nationwide nuclear weapons research, development, and production complex administered

by the DOE. The operating contractor for the RFP is EG&G Rocky Flats, Inc. The RFP



produces metal components for nuclear weapons. These components are fabricated from
plutonium, uranium, beryllium, and stainless steel. Additional production activities include
chemical recovery, purification of recyclable transuranic radionuclides, and metal
fabrication and assembly. Other activities include research and development in metallurgy,
machining, nondestructive testing, coatings, remote engineering, chemistry, and physics.
Weapons parts made at the RFP are shipped elsewhere for final assembly. Plant operations
generate nonhazardous, hazardous, radioactive, and radioactive mixed waste streams
(Rockwell International, 1987).

The RFP is situated on 6,550 acres of federal property 16 miles northwest of downtown
Denver, Colorado. There are 178 Individual Hazardous Substance Sites (JHSSs), also
known as Solid Waste Management Units (SWMUs), at the RFP which have been grouped
into 16 operable units. OU No. 2 is located on the southeast side of the controlled security
area of the Rocky Flats Plant (Figure 1) and consists of 20 IHSSs or SWMUs grouped into
three general areas designated as the 903 Pad Area, the Mound Area, and the East Trenches
Area (Figure 1).

As part of the Phase I RCRA Facility Investigation/Remedial Investigation and Feasibility
Study (RFI/RIFS) to be conducted for OU No. 2, a baseline risk assessment will be
performed to provide the basis for whether remedial action under CERCLA is necessary.
This baseline risk assessment will be comprised of two parts: the human health risk
assessment and the environmental evaluation (or ecological risk assessment).
Consequently, this EEW is an adjunct to the Phase II RFI/RIFS work plan.

The EEW prescribes how potential impacts or risks to the environment from existing OU
No. 2 conditions will be evaluated, using in part the dafa collected during the Phase II
RFI/RIFS. When the EE is implemented, it will identify and characterize the toxicity and
levels of hazardous substances present, the fate and transport of contaminants, and the

potential for environmental exposure (to plants and animals).



1.1.1 Rocky Flats Environmental Restoration (ER) Program

The DOE, EPA Region VIII, and the State of Colorado entered into a draft Rocky Flats
Federal Facility Agreement and Consent Order (Agreement) (FFCA) in December 1989.
The final FFCA, also known as the Interagency Agreement (IAG), is expected to be signed
by the agencies in November 1990.

The draft IAG describes the general response processes for hazardous substance sites at the
RFP. Environmental response activities performed by the DOE under the IAG are to be
consistent with the CERCLA/SARA, the NCP, the Resource Conservation and Recovery
Act (RCRA), the Colorado Hazardous Waste Act (CHWA), the National Environmental
Policy Act (NEPA), the Atomic Energy Act of 1954, and other applicable federal and State

laws and regulations.

The IAG formulates the scope of a phased approach for environmental restoration tailored
to meet the specific requirements of the RFP. The environmental response activities under
the IAG are managed by the RFP Environmental Restoration Program. The IAG includes
a specific response program for each OU as well as a number of site-wide environmental
monitoring and response activities. A recent renegotiation of the IAG has resulted in a
renumbering of the operable units to reflect the priority of the units in terms of perceptions

of potential environmental risks.

In addition to the response activities to be proposed for each OU, there are several site-
wide environmental restoration activities which collect information or are otherwise

relevant to this EEW:

+  Community Relations Plan
Health and Safety Plan
Plan for prevention of contaminant dispersion
Treatability studies
Quality Assurance Program
Ground water monitoring program
* Surface water monitoring program
Baseline wildlife studies
» Background geochemical characterization.



Several other operable units are geographically related to OU No. 2. The drainages down-
stream of OU No. 2 are separate operable units: Woman Creek, OU No. 5, Walnut Creek, \
and OU No. 6. An interim remedial action is being planned to treat contaminated surface
water in South Walnut Creek north of OU No. 2 (DOE, 1990a). Other operable units
which are situated in close proximity to OU No. 2 include the 881 Hillside (OU No. 1) and
several SWMUSs included in the Other Outside Closures (OU No. 10), the 100 Area (OU
No. 13), and the Low Priority Sites (OU No. 16).

A Phase I Remedial Investigation (RI) has already been conducted for OU No. 2, making
available site information regarding soils, ground water, and surface water (Rockwell
International, 1987). The Phase II RFI/RIFS will emphasize ground water issues and is
subdivided into two components: alluvial and bedrock. Available site characterization
information on contamination is summarized in the Phase II RFI/RIFS (Alluvial) Work Plan
(DOE, 1990a). The Phase II RFI/RIFS (alluvial) will further characterize sources and the
extent of contamination in the uppermost aquifer (surficial materials and subcropping
sandstones). The Phase II RFI/RIFS (Bedrock) Work Plan is scheduled for preparation in
late 1990. As stated earlier, the Phase II RFI/RIFS will include a human health risk

assessment and an EE.

A final remedial action may be proposed based on the Phase II investigation results, the
human health risk assessment, and the EE. The baseline risk assessment is composed of
both the human health risk assessment and the EE. The EE will address the potential
environmental impacts associated with OU No. 2 under the "no-action" alternative (no
remedial action taken). The EE will use the data collected in the RFI/RIFS process and
supplement the data as necessary. The EE will also provide environmental information
needed to evaluate potential ecological impacts of remedial alternatives and develop
mitigation plans for these environmental risks, if any, by various alternative corrective

measures or remedial actions considered in the Feasibility Study.



1.1.2 Site Background and Description

The 903 Pad and Mound Areas lie within the southeast portion of the 400-acre controlled
area of the RFP, where all the production buildings are located. The East Trenches Area
lies just to the west of the controlled area. The OU No. 2 areas are positioned on the east
end of the Rocky Flats mesa in the watersheds of Woman Creek and South Walnut Creek.
South Walnut Creek joins North Walnut Creek within the RFP buffer zone northeast of OU
No. 2, and Walnut Creek flows are then diverted around Great Western Reservoir by the
City of Broomfield’s diversion ditch. Woman Creek drains into Standley Reservoir.
However, much of the surface runoff from the RFP towards Woman Creek flows into the
South Intercept Ditch between the plant proper and Woman Creek. Water collected by the
South Intercept Ditch flows into Pond C-2 and is subsequently diverted to the Walnut

Creek watershed.

Soils at OU No. 2 consist of Rocky Flats Alluvium which covers the mesa top. Soils on
the sideslopes of the mesa are predominantly colluvium with minor terrace areas consisting
of Verdos Alluvium and Slocum Alluvium. The creek valleys contain narrow areas of
recent valley fill soil deposits and occasional small outcrops of the underlying Arapahoe
Formation bedrock. The Arapahoe consists mainly of claystone with some bedded

sandstone.

Unconfined ground water flow occurs in the surficial deposits and the shallow bedrock in
directions generally parallel to the ground surface topography. Confined ground water flow
occurs in the deeper bedrock sandstones. The shallow ground water discharges to the
surface as seeps along the edge of the mesa where the contact between the base of the

Rocky Flats Alluvium and the bedrock occurs and on down the hillslopes.

The vegetation on the east side of the RFP is characterized primarily by prairie grassland
habitat. Limited areas of wetland and stream-bank vegetation occur along the creeks
(DOE, 1980). Animal species are common mammals, birds, and reptiles of the High Plains

Zone.



At OU No. 2, contamination has been observed in the surface soils, surface water flows,
downhill seeps, and unconfined ground water. Surface soils in the area to the south and
east are contaminated with plutonium, americium, and other radionuclides due to wind
dispersal of particulates during clean-up of the 903 Drum Storage Site in the late 1960s
(DOE, 1990a). Unconfined ground water is contaminated with volatile organics consisting
primarily of carbon tetrachloride, tetrachloroethene, and trichloroethylene.  Other
constituents above background levels in the unconfined ground water include trace metals,
major cations and anions, total dissolved solids, uranium 238, and possibly plutonium and
americium (DOE, 1990a). Discharge of unconfined ground water occurs as
evapotranspiration, as seeps at the edge of the mesa, and to surface water in the creeks.

Site contaminants have been identified in many of the seeps (DOE, 1990a).

1.2 GENERAL APPROACH

An environmental evaluation (or ecological assessment) has much in common with the
basic elements of a human health risk assessment. A risk assessment is, a process for
analyzing the likelihood an adverse effect will occur, for determining the magnitude and
intensity of that effect, and for measuring its spatial and temporal distribution. The
principal steps in a CERCLA site risk assessment for determining risk to either human
populations or the environment are basically the same; contaminant identification, exposure
assessment, toxicity assessment, and risk characterization (Figure 2). In an ecological
assessment, this is accomplished through evaluating site characteristics, determining the
nature and extent of contamination, identifying the potential for exposure of plants and
animals to contaminants, selecting ecological measurement "endpoints” to measure the
ecological consequences of contaminant release, and assessing toxicity through dose-
response techniques. These activities are combined with an evaluation of contaminants of

concern to characterize the ecological risks.

This EEW undertakes a comprehensive approach to performing an ecological assessment
including establishing objectives, developing an overall investigation methodology,
implementing the workplan, and producing and documenting the results. As stated earlier,
the EEW is based on guidance provided in the EPA EE Manual (EPA, 1989b) and other



Figure 2

Major Steps in Developing An
Ecological Risk Assessment

Data Collection and Analysis

@® Gather and anclyze relevent site data

@ Identify potential chemicals of concern

@ Ideniify target specles and critical habitats

Exposure Assessment Toxicity Assessment
@ Analyze contaminant releases @ Evoluate qualitative weight of evidence that
chernicols cause odverse effects in plants
@ Identify exposed populations and animais
@ Identify potential exposure pathways @ Evolucte quantitative evidence and determine
and routes toxicity reference values for target species
@ Estimate exposure point concentrations @ Conduct comparative acological endpoints
for pathways indicating toxic effects
@ Estimate contaminant Intokes for pathways
@ Identify appropriate ecological endpoints

Risk Characterization

@ Estimate potential for adverse health
effects or ecological impacts to occur

@ Compare exposure or Intake to acceptable
criterla

@ Assess results of comparative ecological
studies, blomarker studies, and toxicity
tests

@ Evaluate uncertainty

Summarize risk Information
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guidance documents (see list of examples in Table 1 and the List of References at the end
of Section 4.0).

TABLE 1

EXAMPLE U.S. ENVIRONMENTAL PROTECTION AGENCY
AND U.S. DEPARTMENT OF ENERGY GUIDANCE DOCUMENTS
AND REFERENCES FOR FIELD INVESTIGATIONS
AND ENVIRONMENTAL EVALUATIONS

DQE, 1988, "Comprehensive Environmental Response, Compensation, and Liability Act
Requirements,” DOE Order 5400.YY, Draft September 1988.

DOE, 1988, "Radiological Effluent Monitoring and Environmental Surveillance," DOE
Order 5400.XY, Draft September 1988.

DOE, 1990, "Radiation Protection of the Public and the Environment,” DOE Order 5400.5.

EPA, 1989, "Risk Assessment Guidance for Superfund Volume II Environmental Evaluation
Manual, Interim Final," Office of Emergency and Remedial Response, Washington, D.C,,
EPA/540/1-89/001.

EPA, 1989, "Ecological Assessment of Hazardous Waste Sites," Environmental Research
Laboratory, Corvallis, Oregon, EPA 600/3-89/013.

EPA, 1989, "Exposure Factors Handbook."

EPA, 1988, "Guidance for Conducting Remedial Investigations and Feasibility Studies
under CERCLA, Interim Final," Office of Emergency and Remedial Response, Washington,
D.C., EPA/540/G-89/004.

EPA, 1988, "Superfund Exposure Assessment Manual," Office of Emergency and Remedial
Response, Washington, D.C., EPA/540/1-88/001.

EPA, 1988, "Guidance on Remedial Actions for Contaminated Ground Water at Superfund
Sites,” Office of Emergency and Remedial Response, Washington, D.C., EPA/540/G-
88/003.

EPA, 1988, "Technological Approaches to the Cleanup of Radiologically Contaminated
Superfund Sites," Office of Research and Development, Washington, D.C., EPA/540/2-
88/002.

Oak Ridge National Laboratory, 1986, "User’s Manual for Ecological Risk Assessment,"
Environmental Sciences Division Publication No. 2679, ORNL-6251.
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A comprehensive methodology for performing an EE is detailed in Section 2.0 of this
EEW. The procedures recommended provide a means of determining and measuring
ecological risks in a systematic, controlled, and step-by-step manner that can be used in
subsequent efforts to reduce or manage the risk. While the EEW structures the
methodology for conducting the environmental evaluation for OU No. 2, it does not attempt
to define the unit either in terms of contamination extent or ecological characteristics; this

will be accomplished during the actual implementation of the EEW.

This EEW also provides a framework for determining additional data needs and identifying
the techniques (including sampling and analysis) to be employed in determining ecological
risks. It provides a means for both quantitative and qualitative estimates of ecological
effects such as reductions of biological growth or productivity, and changesb in community

composition.

By implementing the methodology described in Section 2.0 of the EEW, the subsequent EE
will be able to determine the nature and extent of adverse effects on local ecosystems
resulting from contaminants present at OU No. 2. Depending on the adequacy of the
database, the ecological assessment has the potential for use of statistical, stochastic models
to quantify the relationship of initial events (e.g., contaminant release) with probable

ultimate effects (ecological consequences).

1.3 SCOPE QF THE ENVIRONMENTAL EVALUATION WORK PLAN

The principal focus of the EEW is on the basic methodology for performing an ecological
assessment as described in EEW Section 2.0. This is because an understanding of the
environmental assessment process is critical to implementing the tasks described in EEW
Section 3.0. The ecological assessment process prescribed has been used at other sites and

in other situations and is generally accepted by the scientific community.
The basic components in the EE methodology described in this EEW are:

1. Data evaluation and analysis, including nature and extent of
contamination and site characteristics
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2. Environmental analysis, including ecosystem characterization, field
investigations, sampling and analysis, and exposure pathway
analysis

3. Toxicity assessment which estimates exposure and dose, or
measures ecological consequences using endpoints or
bioaccumulation

4. Risk characterization based on dose-response analyses, toxicity and
bioaccumulation studies, and ecological assessments.

The environmental evaluation, as described in the EEW, will draw conclusions about
whether or not the objectives of the evaluation were achieved and identify the limitations

of the analysis. It will also identify the limitations of the analysis (Figure 2).

EEW implementation is presented in Section 3.0 as separate tasks. The implementation
plan will be used to schedule and estimate the cost of the entire EE process as well as to
control the structuring and implementation of the various tasks. The ultimate scope of the
EE is contingent on the availability of existing data and on the progress of the field
investigations; it should be reviewed regularly as the evaluation process proceeds. Section
4.0 of the EEW addresses the various types of documentation that will result from the EE

process, including the Environmental Evaluation Report (EER).

1.4 PURPOSE_AND_OBJECTIVES OF THE OU NO. 2 _ENVIRONMENTAL
EVALUATION

The overall purpose of an EE of the OU No. 2 area is to document a qualitative and, where

possible, a quantitative assessment of actual or potential threats of damage to the
environment including protected wildlife and vegetation species, habitats, or sensitive
ecosystems. This purpose is consistent with the mandates of CERCLA/SARA and the IAG
which states in Part 3 that one of its purposes is to ensure that "an appropriate response
action is taken and completed as necessary to protect the public health, welfare, and
environment." The purpose of the EE Work Plan is to establish a scientifically credible

procedure to be followed and implemented during the performance of the EE for OU No. 2.
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The EE will provide decision makers with information required to determine risk to the
environment associated with contaminant migration from OU No. 2 as it exists and if
nothing is done to remediate the site. It can also be used to determine whether or not
contamination at OU No. 2 requires remedial action and to predict potential effects of those
actions on the environment. In addition, the EE can suggest future strategies for

monitoring the effectiveness of any remediation accomplished at or near the site.

The EE for OU No. 2 has multiple objectives. They are to determine:
» Ecological characteristics of OU No. 2 and its area of influence
¢ Kinds, forms, and quantities of contaminants of concern
e Means of potential or actual release of contaminants

e Habitats potentially affected and populations potentially exposed to
contaminants ‘

» Exposure pathways to potentially sensitive populations

e Actual or potential ecological effects and the overall nature of the risk.

13
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2.0 ENVIRONMENTAL EVALUATION METHODOLOGY

This section identifies and discusses the principle components of the Environmental
Evaluation for OU No. 2. They are presented in the sequence that would normally be
followed in performing an ecological assessment. The major portion of the EE will be
devoted to assessing ecological risks: environmental analysis (Subsection 2.2); toxicity

assessment (Subsection 2.3); and risk characterization (Subsection 2.4).

2.1 DATA EVALUATION AND ANALYSIS
Site-specific (RFP) and operable unit specific (Operable Unit No. 2, 903 Pad, Mound, and
East Trenches Areas) data and information collected during the Phase I RFI/RIFS program

and prior studies by DOE and the RFP operating contractors will be reviewed and
evaluated. Likewise, reports on the general area and scientific information on ecological
processes related to this assessment (e.g., mobility of uranium in aquatic ecosystems) will
be reviewed. These data and reports will be collected, analyzed, and complied as source
documents. The principal objective of this effort is to determine what existing information
can be used for the EE and define additional data requirements. The Phases I and II
RFI/RIFS programs should provide the majority of the site-specific data needed on surface
water, ground water, soils, and air quality. Previous environmental studies should provide
the general ecological information. However, site-specific ecological data and estimates
of contaminant and energy transfer in the OU No. 2 area will likely require additional

investigations and additional data on sediments and sediment transport will be required.

In addition to the documents listed in Table 1, the following sources will be used to

acquire information:
» Project files maintained by Rockwell International and EG&G

» Project reports and documents on file at the Front Range Community College
Library and the Colorado Department of Health

» DOE documents and DOE orders

o The Phase I RFI/RIFS database
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* The Rocky Flats EIS database

* Data from ongoing environmental monitoring and NPDES programs at the
RFP

* Studies on radionuclide uptake, retention, and effects on plant and animal

populations conducted by the University of Colorado and Colorado State
University

* The scientific literature, including ecological and risk assessment reports at
DOE facilities: Oak Ridge National Laboratory, Los Alamos National
Laboratory, and the Savannah River Project

 The Surface Water Interim Measure/Interim Remedial Action Plan
(IM/IRAP).

Several of the scientific reports that will be used are cited in various subsections of this
EEW, including the Phase II RFI/RIFS Work Plan for Operable Unit No. 2 (DOE, 1990a),
and the Final EIS on the Rocky Flats Plant (DOE, 1980). The references cited in this EEW

are presented at the end of Section 4.0.

2.2 ENVIRONMENTAL ANALYSES

The biotic and abiotic components of the existing ecosystems will be described and
analyzed to determine the impacts associated with the release of contaminants. This
analytical process includes characterizing the principal ecosystems in the area
(Subsection 2.2.1), determining which biological populations are at risk (Subsection 2.2.2),

and identifying the exposure pathways to biological receptors (Subsection 2.2.3).

The environmental analysis will be coupled with the data evaluation and analysis process
(Subsection 2.1) to determine specific data/information requirements for completing the EE.
The field investigations, sampling, and analytical work to be undertaken to fill these data

gaps are discussed in Subsection 2.2.4.

2.2.1 Ecosystem Characterization
The ecosystems at the Rocky Flats Plant site in the high plains region along the foothills

include prairie grasslands on alluvial flats and fans interspersed with creek drainages and
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riparian zones. Ponds and canals have been constructed within the drainages and offsite
for runoff control and water retention purposes. These ecosystems will be inventoried and

described to characterize the biotic resources within the RFP area.

In general, there are three levels of ecological organization to be characterized:
populations, communities, and ecosystems. Each level has its own dimensions of extent,
structure, and change. This EE will place more emphasis on assessing impacts at the
population and community levels. For example, population dynamic parameters such as
mortality and recruitment, and community endpoints such as species diversity and
productivity, will be used to assess the impacts of contaminants. More detail on population
and community endpoints is presented in Section 2.3.2. In determining the effects of the
contaminants on biota, an understanding of the chemical, energy, and nutrient cycles in the

ecosystems will be necessary to describe and analyze contaminant uptake and fate in the
food chains.

The ecosystem characterization process includes inventorying and characterizing the
terrestrial and aquatic biota in the area, describing the habitats that support the growth and
existence of these biota, and defining the flow of nutrients and energy through the food

webs of the ecosystem.

Flora and Fauna

Field investigations and existing reports will be used to determine which plants and animals
make up the biological components of the ecosystems at the RFP. The primary objective
will be to provide the best possible descriptions of populations in the area, commensurate
with the accessibility of study areas and the time and personnel available. The amount,
type, reliability, and currency of the data may vary according to species, time, and place.
Inventories of the terrestrial plant, fish, and benthic macroinvertebrate communities will
be very comprehensive, taking into account the scope of the field work. For other
taxonomic groups, the species inventories will be based on existing reports, state and RFP

records, and a list of species observed during field programs. Certain species and
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populations will be selected for study based on criteria including, but not limited to, the
following:

e Value as habitat quality indicators
o Local significance and public interest in the species/population

* Potential for the species/population to be impacted, and the ease of measuring
the impact or stress

¢ Potential future conflict with RFP operations or remediation activities

o Critical nature of the habitat or sensitivity of the species/population (e.g.,
wetlands or threatened/endangered designations).

Each species or population selected for detailed study will be inventoried at the appropriate
season to properly evaluate procedures and to maintain meaningful historical records. The
sampling periods are discussed in the Field Sampling Plan in Appendix C. The goal will

be to produce inventory information with the degree of reliability needed to effectively

evaluate impacts at the environmental level.

Habitats

Available habitat is defined as the surface area capable of providing direct life support for
an evaluation species (U.S. Fish and Wildlife Service, 1981b). The areal extent and

potential for impacts resulting from contaminants at OU No. 2 on available habitats will

be assessed.

Factors which may potentially affect habitats present at the Rocky Flats Plants would be
addressed. These include:

* Direct or indirect exposure to site-related contaminants due to transport from
the source

e Physical disruption of ecosystem processes due to contaminant interference
with natural biochemical, physiological, and behavioral processes

* Physical disruption of the habitat due to the site’s design or operation
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e Physical or chemical disturbances or destruction due to cleanup or remedial
activities

e Other stresses not directed related to the site, such as extreme weather
conditions.

Food Webs

Energy and nutrients flow through ecosystems by means of complex interactions between
organisms known as food chains and food webs. Food chains describe the transfer of
energy and nutrients from one organism to another as one consumes or decomposes the
other. Food chains selected for the EE will represent of the five major trophic levels:
Primary producers

Primary consumers (herbivores)

Secondary consumers (omnivores)

Tertiary consumers (carnivores)
Decomposers.

Food webs are interconnecting food chains which realistically describe the complex system

of pathways by which the flow of energy and nutrients take place in nature. A general
discussion will be included to explain how the selected food chain(s) interrelate with the

aquatic and terrestrial ecosystems found at the RFP and in the vicinity of OU No. 2.

2.2.2 Populations at Risk

The terrestrial and aquatic flora and fauna in the RFP area have been described by several
researchers (Weber et al., 1974; Clark, 1977; Quick, 1964, Winsor, 1975) and summarized
in the Final Environmental Impact Statement for the Rocky Flats Plant Site (DOE, 1980).
Species lists are presented in the Appendix of this EIS. In addition, terrestrial and aquatic
radioecological studies conducted by Colorado State University and DOE (Rockwell
International, 1986; Paine, 1980; Johnson et al., 1974; Whicker, 1979; Little, 1976, and
Hiatt, 1977) and annual monitoring programs at RFP have provided information on the

plants and animals in the area and their relative distribution.

The above resources, discussions with RFP and Colorado Division of Wildlife (DOW)

personnel, and on-site surveys will be used to determine the presence and distribution of

18



plants and animals with respect to OU No. 2. Distribution of plants and animals within,
upgradient, and downgradient of the unit will be defined to fine-tune the ecological impact
assessment approach and the Field Sampling Plan (FSP, Appendix C). The process of
determining which populations are at risk involves sampling specific groups of organisms
(e.g., benthic macroinvertebrates and prairie grasses), target species (e.g., fathead minnow

and deer mice), and critical habitats (e.g., wetlands) as described in Appendix C.

Target species, target communities, and critical habitats will be selected for sampling using

the following criteria:

o Susceptibility of the species, community, or habitat to the contaminants
associated with OU No. 2

o Relationships between the target species, community, or habitat and the
exposure pathways

o Degree of difficulty in accurately measuring the desired endpoint in that
species or community

e Ability to define adequate reference and onsite test areas for the target
species or community

e Amount of information in the scientific literature on the target species,
community, or habitat; and the ecological significance of the species,
community, or habitat

o Degree of difficulty and costs involved in conducting the necessary field
sampling and laboratory analytical programs

o Potential for bioaccumulation or biomagnification of the contaminant of
concern in the target species or community

Based on a preliminary review of the information available, some likely target species,
communities, and critical habitats are presented in Table 2. The communities and habitats

on this list may change if data collection or related research indicates that other species are

also important.

Wetland habitats are known to be productive habitats that support a relatively diverse

assemblage of plants and animals. Wetlands, therefore, will be considered a critical habitat
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for this EE. Threatened and endangered species automatically fall within the "populations
at risk" category and deserve special attention. However, prior studies indicate there may
be no federally listed threatened or endangered species within the boundaries of the RFP
(DOE, 1980, 1990b). The conclusions of these studies will be checked during the OU
No. 2 EE. The project staff will also consult with the Colorado DOW to determine if there

are any species of special concern from the State’s perspective.

TABLE 2

POTENTIAL TARGET SPECIES
AND HABITATS FOR ASSESSMENT OF ECOLOGICAL IMPACTS
AT THE RFP OPERABLE UNIT No. 7

Community/Population Species/Organism
Diatoms
Periphyton Green algae

Blue-green algae

Mayflies
Benthic Macroinvertebrates Caddis flies
Chironomids

3 Fathead minnow
Fish Bluegill

Deer mice
Herbivores Northern pocket gopher
Microtines

Long-tailed weasel

Carnivores Red fox
Coyote
Western wheatgrass
Grasses Blue grama
Yucca
Shrubs/Forbs Snowberry
Trees Cottonwood
Willows
Wetlands Cattails
Sedges
20



2.2.3 Pathway Analysis

An exposure pathway determines how a contaminant can move from its source to a receptor

the environment. A complete exposure pathway has five components:

Contaminant source

Mechanism for contaminant release
Environmental transport medium
Exposure point (receptor location)

Route of exposure (mechanism for intake).

el

To qualify as a potential exposure pathway, all components of the pathway must be present.
Numerous possible exposure pathways from the sources within OU No. 2 to plants and
animals in the area will be assessed and several pathways will be selected for detailed
analysis. The selected pathways will represent actual field conditions as related to rate of
transfer as a function of time. Exposure pathways selected for analyses will include some
or all of the target species. Pathways will be developed for the five transport media: air,

soil, ground water, surface water, and sediments.

The logical exposure points at and near OU No. 2 will be identified. These will be based
on modeling the release of contaminants from on-site sources and identifying biota likely
to be present within the immediate location. The chemical transport and fate of
contaminants will be evaluated using procedures in the EPA Superfund Exposure
Assessment Manual (EPA, 1988b).

Many of the potential human exposure routes for constituents of concern at OU No. 2 also
exist as possibilities for the endemic wildlife populations. These include inhalation of
volatilized contaminants in air, inhalation of dust from contaminated soils, and dermal
exposure to contaminated surface waters and soils. Since wildlife at or near OU No. 2
derive a major portion of their food supply from vegetation or prey species, migration of
constituents through the food web with the subsequent possibility of biomagnification may

provide a significant indirect route of exposure.
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Quantitative analysis will be completed by using established EPA models for rate of
transfer and fate of contaminants (EPA, 1988b) and for calculating specific intakes for each
target species selected for quantitative evaluation. Standard equations for estimating
human intakes (EPA, 1989b) may be used, where appropriate, to estimate intake rates for

terrestrial vertebrates.

2.2.4 Field Investigations, Sampling, and Analysis
Because field investigation methods and sampling and analysis techniques are so critical

to the scientific credibility of the EE, this section devotes a detailed discussion to these
topics. Qualitative field surveys (Subsection 2.2.4.1), comparative ecology studies
(Subsection 2.2.4.2), toxicity testing (Subsection 2.2.4.3), and bioaccumulation studies
(Subection 2.2.4.4) are addressed. The Field Sampling Plan in Appendix C provides

detailed information on sampling design, location, and intensity.

A preliminary assessment of the operational history of the RFP and OU No. 2, and a
review of pertinent site characterization sections in available reports, indicates that
completion of the EE requires:

1. Source characterization including presence, absence, and concentration
gradients of contaminants

2. Exposure pathway characterization including contaminant release, media
transport, and receptor exposure mechanisms

3. Determination of the presence, absence, and distribution of receptors
4. Assessment of toxicity or stress on the terrestrial and aquatic ecosystems

present at the site.

The physical and chemical data required to address items 1 and 2 above, with some
exceptions, will be available from the Phases I and II RFI/RIFS field investigations.
Additional data on sediments adjacent to and downgradient of OU No. 2 will be collected

to supplement planned investigations of potential impacts on aquatic ecosystems.
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In order to address items 2, 3, and 4 above, additional data must be acquired on the flora
and fauna in the area. The general biological components of the RFP area have been
described by previous investigations (DOE, 1980; Rockwell International, 1986). However,
more site specific data (i.e., specific to OU No. 2) and a more thorough understanding of
the population and communities dynamics are necessary to complete the EE. For example,
location-specific information on species diversity, biomass, cover class, and production
within prairie grass communities at uncontaminated reference areas and at contaminated

areas near OU No. 2 will be required to assess ecological risks.

The EE sampling methods will conform to the guidance manuals and sampling protocol
references listed in Table 1 and the references cited at the end of Section 4.0. Evaluation
techniques will include: qualitative field surveys; comparative ecological studies; toxicity
assessment/testing; and bioaccumulation studies. Each of these techniques contributes a

different type of information to the evaluation.

2.2.4.1 Qualitative Field Surveys

Field surveys will be conducted early in the process since the main objective is to get site-
specific information on the occurrence of flora, fauna, and habitat types in order to fine
tune sampling programs and complete a "reality check” on exposure pathways. Field
surveys will also be used to select the best locations for reference (control) sampling areas.
The field surveys will be conducted by qualified terrestrial and aquatic ecologists and will
be largely qualitative. Some field instruments, such as pH and conductivity meters, will
be used to assist in locating potential contaminant impacted areas, but most information
will be acquired through visual observations. The field sampling plan (FSP) in Appendix C

describes the qualitative survey plans in more detail.

During the qualitative surveys, details of field observations will be recorded in field
logbooks. Field biologists will: record all observations of animal sightings and animal
signs such as nests, burrows and scat; record locations of any sensitive habitats and
wetlands; and note any evidence of stressed vegetation or visual evidence of contamination.

They will also access the suitability of different habitat types to support aquatic and
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terrestrial communities. In addition, field instruments will be used to search for evidence

of contamination such as organic vapors in soils or obvious changes in pH and conductivity

in surface water.

2.2.4.2 Comparative Ecology Studies

Ecological field surveys, involving comparisons of impacted and nonimpacted areas, are
a definitive way of establishing that ecological impacts have occurred. However, care must
be taken to account for differences in the physical/chemical aspects of the reference and
test areas and the natural variations exhibited by biological populations. Ecological
“endpoints” will be selected to assess contaminant impacts. To maintain a valid
comparison, reference areas or sites will be selected that: (1) are in close proximity to the
OU No. 2 area; (2) closely resemble the OU No. 2 area in terms of topography, soil
composition, water chemistry, etc.; and (3) have no apparent exposure pathways from RFP

or other sources of contamination.

Comparative ecological studies will be directed at three aquatic and five terrestrial
communities or components: benthic macroinvertebrates, periphyton, fish, small mammals,

grassland, vegetation, roots, invertebrates, and wetlands. These were selected because:

s There is extensive scientific literature available for interpreting results and
making conclusions.

* The communities exist in impacted and nonimpacted areas of the RFP.

+ Standard field techniques have been developed to measure the necessary
community parameters.

* Surveys can be completed at reasonable costs.

Parameters such as relative abundance, species diversity, community organization, biomass,
reproduction, and growth rates will be used to compare the communities at reference sites
with communities in contaminated areas in or near the operable unit. Reference and
contaminated sites will be carefully selected to minimize the influence of chemical and

physical differences between the sites.
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Periphyton, benthic macroinvertebrate, and fish communities will sampled at reference and
test sites. Periphyton will be monitored using artificial substrates, macroinvertebrates will
be sampled with Surber and Ekman samplers, and fish will be collected by electroshocking.
Qualitative observations on all aquatic flora and fauna will supplement the quantitative
sampling. Periphyton data will include colonization rates on the plexiglass substrates over
a four week exposure period. Abundance, species diversity, biomass, and other parameters
will be used to determine if communities within the test areas have been impacted in
comparison to the reference area. Physical and chemical parameters such as substrate type,
current velocity, and pH will be carefully documented to account for physical/chemical

influence not related to contaminant releases.

Vegetation surveys of prairie grasslands and wetlands will be conducted by walking
transects in reference and contaminated areas and noting general characteristics. Species
abundance relative to cover vigor, and signs of stress will be used as assessment

characteristics. Other surveys will be conducted for mammals, birds, and reptiles.

2.2.4.3 Toxicity Testing

The actual or potential toxicity of contaminants at stations within and near OU No. 2 will
be assessed using three approaches: comparison of contaminant concentrations at exposure
points to applicable or relevant and appropriate requirements (ARARs); comparison of
existing concentrations to toxicological endpoints presented in scientific literature; and

actual toxicity tests.

The initial step will be to compare average and maximum concentrations of contaminants
of concern in air, soil, water, and sediments_ to established criteria. There are several well
established criteria for aquatic ecosystems [e.g., water quality criteria for protection of
aquatic life (EPA, 1986)] but relatively few criteria for air, soil, and terrestrial ecosystems.
The amount or proportion by which concentrations exceed available criteria will be

presented in tabular form, and the ecological significance will be interpreted.
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In some cases, toxicity values are available in the literature for chemicals that have no
criteria or standards. Toxicity values for contaminants of concern (for plants and animals ‘
known to occur at the RFP), when available, will be compared to average and maximum
concentrations of contaminants in air, soil, sediments, and water to supplement the
information on exceedances of criteria. Again, more data on aquatic organisms are

expected to be available than on terrestrial organisms.

Comparison of on-site concentrations to criteria or toxicity values will not be sufficient to
assess the potential impact of contaminants for which there are no criteria or toxicity
values. Also, the comparison approach does not account for potential synergistic/
antagonistic effects in complex mixtures and may not adequately reflect the real
bioavailability of the contaminant or the physico-chemical nature of the receiving waters.
For this reason, a limited toxicity testing program will be conducted as an initial phase.

If patterns of toxicity are encountered, a second phase of toxicity testing will be designed.

The initial toxicity testing program will be limited to aquatic organisms and will include
standardized acute and chronic tests with fathead minnows and Ceriodaphnia (EPA; 1985a,
1985b, 1985¢c). Water samples for toxicity tests will be collected from two creek stations
immediately downgradient of OU No. 2 (Stations SW-23 and SW-28), and from the
downstream ponds on South Walnut Creek (Pond B-5) and Women Creek (Pond C-2) (see
Figure C-1 in Appendix C). Standard EPA methods will be used to conduct the acute and
chronic toxicity tests. The toxicity tests will be run during high-flow and low-flow
conditions because the Phase I RFI studies have shown that there is considerable
interaction between the surface and ground water systems at the RFP. Also, the influence

of ground water may vary significantly under three different flow conditions.

The potential for a toxicity test involving soil and a terrestrial organism will be evaluated.
If a relatively standard method is available using a species known to occur at the RFP
toxicity tests will be proposed at reference and test areas. Toxicity tests developed for

earthworms, crickets, and grasshoppers will be evaluated (EPA, 1989c).
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2.2.4.4 Bioaccumulation Studies

Bioaccumulation analyses will be conducted for selected metal and radionuclide
contaminants by sampling five communities used for the comparative ecology studies:
periphyton, benthic macroinvertebrates, fish, small mammals, and prairie vegetation. The
plants and animals will be collected during field sampling for the comparative ecological
studies (Section 2.2.4.2). Because these organisms live in direct contact with the
contaminated media (water, sediments, and soil), they are the most likely candidates to
exhibit bioaccumulation. Samples will be collected from a limited number of stations that
have exhibited prior contamination. If bioaccumulation is found to be occurring, the

sampling program may be expanded.

The term "biomarkers" refers to the measurement of selected endpoints in individual
organisms, typically physiological or biochemical responses, that serve as indicators of
exposure to contaminants and/or sublethal stress. For example, exposure to some metals
such as cadmium and copper induces the synthesis of certain low molecular weight metal-
binding proteins in a variety of vertebrate and invertebrate species. Thus, the measurement
of these metal-binding proteins provides a potential tool for assessing the affects of these
metals. As used in this EE, bioaccumulation is also considered a biomarker because it is

a measurement of an endpoint in individual organisms that indicates exposure.

There are many advantages of using biomarkers in ecological assessments including: their
broad applicability to many toxonomic groups; the ability to link field surveys to laboratory
tests to interpret the significance of field results; and the fact that some biomarkers are
diagnostic of specific contaminants. However, there is currently a lack of accepted,
standardized, and tested biomarkers for many of the contaminants found at hazardous waste
sites. Also, the relationship between a measured biomarker response and population-level

effects has not been defined in many cases.
For the above reasons, only bioaccumulation studies were included in the EE Field

Sampling Plan (Appendix C). A specific biomarker approach may be developed later if it

appears to be a realistic technique for assessing environmental impacts. For example,
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biomonitoring studies at Oak Ridge, Tennessee, associated with the environmental
restoration program at the Oak Ridge National Laboratory, have had some success using
biomarkers (Loar, et al., 1988, 1989).

2.3 TOXICITY ASSESSMENT

The purpose of the toxicity assessment is to weigh the available evidence regarding the
potential for particular contaminants to cause an adverse effect in exposed receptors (target
species). It also provides, where possible, an estimate of the relationship between the
extent of exposure to a contaminant and the increased likelihood and/or severity of adverse
effects.  Toxicity assessments for contaminants identified at OU No. 2 will be
accomplished by incorporating evidence from more than one technique, where possible.
Specifically, the assessment of toxicity for plants and animals may include evidence from:
a dose-response assessment (a standard approach in human health risk assessments);
comparative ecological surveys using endpoints of ecological significance (such as an

increase in mortality rate); and bioaccumulation studies.

Many of the difficulties that arise during EE performance begin with the validity of
techniques used to answer the seemingly easy question: Does a hazard exist? The use of
the term "hazard" depends on the characteristics of the contaminant of concern and the
circumstances of use. The Environmental Evaluation Report will clearly define this term
and discuss techniques used in determining if a hazard(s) actually exists. An example

toxicological profile is included in Appendix A.

2.3.1 Dose-Response Assessment (Extrapolation Models)

The most fundamental concept in toxicology is that a relationship exists between the dose
of an agent and the response that is produced in a living organism. Dose-response
assessment is the process of quantitatively evaluating the toxicity information and
characterizing the relationship between the dose of the contaminant received and the
incidence of adverse effects in the exposed populations. From this quantitative dose-

response relationship, toxicity values (references doses, RFDs) are derived that can be used
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to estimate the incidence or potential for adverse effects as a function of receptor exposure

to a contaminant.

Because individuals and species accumulate contaminants differently in their tissues,
environmental concentrations and uptake rates will not necessarily predict biotic
concentrations. Pharmacokinetic distribution following uptake determines the concentration
of a constituent that actually reaches the physiological site of action within an organism,
and therefore, the likelihood of an adverse effect. For this reason, concentrations in
environmental media and biotic tissues will be determined independently for some species.
Based on these data, site-specific bioconcentration factors (BCFs) may be derived. If site-
specific BCFs cannot be derived from the monitoring data, published and/or predicted
BCFs will be utilized in the EE.

The final step in the dose-response assessment will be to evaluate the toxicity associated
with contaminants. For several chemicals, toxicological data have been evaluated by the
EPA or other agencies and RFDs for noncarcinogenic effects have been developed (EPA,
1987d). These RFDs are based on a survey of the current toxicological literature including
both animal studies and human epidemiological studies. In cases where RFDs are not
available, comparisons may be drawn between the contaminant-receptor relationship
existing at OU No. 2 and appropriate laboratory studies that have developed other values

expressing toxicity. Examples include LD, and LC,, values and growth inhibition levels.

Cancer potency factors have been developed for many contaminants that are carcinogenic
in humans (EPA, 1987d). Similar factors or extrapolations have been made to some animal
species. Carcinogenic potency factors are expressed as the lifetime cancer risk per mg/kg
body weight per day. Therefore, exposures need to be quantified or estimated over long
time periods. Where possible, the toxic effects of some contaminants will be assessed
using cancer potency factors. Generally, this will be limited to vertebrate animals. It may
be most appropriate for small mammals (e.g., mice) that have been the subject of, or test

organisms in, numerous laboratory experiments on carcinogens.
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2.3.2 Comparative Ecological Studies

Ecological surveys will be used during the EE to study endpoints of ecological interest in
selected target species or plant and animal communities (see Subsection 2.2.4.2). These
receptors (the target species or selected community) are the components of the ecosystem
that may or may not be adversely affected by the site specific contaminant being studied.
The measurement endpoints are the particular type of impact a contaminant is expected to

have on a given receptor.

Generally, endpoints of ecological interest may be divided into four levels: individual,

population, community, and ecosystem. These levels may be further refined as:
o Individual endpoints

- changes in respiration

- changes in behavior

- increased susceptibility to illness
- decreased growth

- death

* Population endpoints

- decreased genotypic and phenotypic diversity
- decreased fecundity

- decreased growth rate

- increased frequency of disease

- increased mortality rate

+ Community endpoints
- decreased species diversity
- decreased food web diversity

- decreased productivity

s Ecosystem endpoints

- decreased diversity of communities
- altered nutrient cycling
- decreased resiliencies

Because of the complexity of interactions within food chains (or in a food web), and the

number and variety of receptors in an ecosystem, it is impossible to assess the potential
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impacts to all receptors for all endpoints. Therefore, representative types of receptors and
endpoints will be selected and used as indicators of potential effects on biological i
communities. Presently, there are no regulatory standards concerning individual assessment
endpoints of biological interest for non-human aquatic or terrestrial species. There is,
however, a general consensus defining adverse effects of measurement endpoints at the
population level (EPA, 1989c) and, to a lesser extent, at the community level. Therefore,
the EE will be limited to studying ecological endpoints in selected populations and
communities. These may include some functional processes such as primary productivity

in grassland, or fish biomass in ponds.

2.3.3 Bioaccumulation Studies

Measuring the accumulation of contaminants in living organisms provides direct evidence
of exposure and uptake of the contaminant by the organisms, but does not necessarily
equate to negative effects because many organisms tolerate some degree of
bioaccumulation. Bioaccumulation, therefore, will be assessed using the field sampling
results, scientific literature on the contaminant and receptor being studied, and other lines
of evidence such as the comparative ecological studies. Where possible, bioconcentration
factors [the ratio of the tissue concentration (fish) to the environmental media concentration
(water)] will be determined and compared to bioconcentration factors reported in the
literature. The potential for biomagnification of contaminants in higher trophic levels will

also be investigated.

2.4 RISK CHARACTERIZATION

Information developed in the exposure and toxicity assessments (Subsections 2.2.2, 2.2.3,

and 2.3) will be used to characterize the risk to plants and animals from contaminants
released from OU No. 2. The information will be summarized and integrated into
quantitative and qualitative expressions of risk. Comparisons will be made between
projected intakes of chemicals (or other exposure estimates) and toxicity (as expressed by
ARARSg, toxicity test results, RFDs, or toxicity values from the literature) to characterize
potential noncarcinogenic effects from exposure to chemical contaminants. To characterize

potential carcinogenic effects from chemical contaminants, probabilities that an individual
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organism will develop cancer over a lifetime of exposure will be estimated from projected
intakes and chemical-specific dose-response information. The assessment of carcinogenic
effects will not be developed to the extent found in human health risk assessments;
carcinogenic effects on only a few species will be presented. Estimated dose equivalents
and intake rates will be compared to ARARs and other guidance to characterize potential

effects from radionuclide exposure.

The risk characterization will present estimates of risk for defined exposure scenarios plus
summaries of the relevant biological information, identification of the assumptions used
and their limitations, and a discussion of uncertainties. The risk characterization will
address risks associated with organic and inorganic (metals) contaminants and

radionuclides.

2.4.1 Organic Contaminants
The toxicity of organic contaminants is both general and specific. Effects observed in

studies of experimental animals have been dependent on a variety of factors including
chemical structure, exposure level, frequency and coexposure, and subject sensitivity.
Studies to date at the RFP, especially those related to OU No. 2, indicate that volatile
organic contaminants are much more prevalent than semi-volatile and base-neutral organics.
There are relatively high concentrations of several volatile organics [e.g., trichloroethylene
(TCE), tetrachloroethylene (PCE), carbon tetrachloride, vinyl chloride, and ethylbenzene]
in various environmental media (soil, surface water, sediments, etc.). In contrast, there are

apparently relatively few semi-volatile organics of concern.

Due to their high vapor pressure, volatile organics can be easily mobilized from one
environmental compartment to another. They are very mobile in comparison to semi-
volatiles and many inorganics; they can travel extensive distances in relatively short time
periods. Kidney and liver enlargement are a common result of volatile organic toxicity
because these chemicals induce mixed function oxidases. Prolonged exposure frequently
results in damage to metabolic organs, and several volatile organics can induce

carcinogenesis.
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2.4.2 Inorganic (Metal) Contaminants

Toxicity of metals to aquatic organisms, plants, and soil-dwelling animals has been

extensively researched. Scientific literature is available for assessing potential impacts.

This is especially true for aquatic organisms.

There are a few general principles that contribute to understanding the pathophysiology of
metal toxicity. Most metals affect multiple organ systems. The targets for toxicity are
specific biochemical processes (enzymes) and/or membranes of cells and organelles. The
toxic effect of the metal usually involves an interaction between the free metal ion and the
toxicological target. There may be multiple reasons why a particular toxic effect occurs.
For example, the metabolism of the toxic metal may be similar to a metabolically related
essential element. Cells that are involved in the transport of metals, such as gastro-
intestinal, liver, or renal tubular cells, are particularly susceptible to metal toxicity (Goyer,
1986). |

The Phase I RFI/RIFS field investigations indicate that there are several metals in surface
water, ground water, and soils at QU No. 2. Investigations are still in progress to
determine which metals are present in concentrations exceeding expected natural
background concentrations. However, it is likely that several metals which are toxic to
plants and animals are contaminants associated with releases from OU No. 2. For example,
cadmium, chromium, zinc, and vanadium have been observed in several media at

concentrations that are likely above background.

The water quality data from the Phase I and II RFI field investigations will be compared
to the water quality criteria for the protection of aquatic life (EPA, 1986). Additionally,
the information in EPA’s 1986 Water Quality Criteria report (EPA, 1986), the supporting
ambient water quality criteria documents (e.g., zinc; EPA, 1987e), and the contaminant
hazard reviews (e.g., chromium; see Eisler, 1986) will be used to evaluate the potential
toxicity of metals to aquatic itarget species. The EPA ambient water quality criteria
documents (e.g., EPA 1980, 1987c) also provide bioconcentration factors which can be

compared, where available, to metal tissue residues in fish or macroinvertebrates. The
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contaminant hazard reviews and other toxicological literature will also be used to evaluate
the potential toxicity of metals to terrestrial plants and animals, again emphasizing the

information relative to the targ%,t species selected for this EE.
!

Toxicity tests will be conducted to supplement the toxicity evaluation based on comparing
on-site concentrations to criteri;ia. The comparison-to-criteria approach does not consider
synergistic/antagonistic effects that can occur when certain metals are present at the same
time, or the influence that orgj#nic contaminants or other substances may have on metal

toxicity (see Subsection 2.2.4.31;).

2.4.3 Radionuclides

The radionuclides of concern associated with QU No. 2 are plutonium and uranium with
smaller amounts of americium (DOE, 1990a). Other radionuclides that are potential
contaminants in water are cesium-137, strontium-89, 90 and tritium (DOE, 1990a).

However, the Phase I RFI/RI data for these three radionuclides are inadequate to assess

contamination.

The dispersion of radionuclides from the RFP into air, soil, sediment, water, and biota have
been studied and summarized in a report on the radioecology and airborne pathway at the
facility (Rockwell International, 1986). Also, the ecological effects of plutonium in the
environment at the RFP were assessed on biota by measuring biological parameters and by
pathological examination (Whicker, 1979; Paine, 1980). The conclusions of these studies
indicate that plutonium is relatively immobile in the environment, and that no differences
in biological attributes could be related to plutonium levels found in environmental media
at the RFP.

Specific ARARs for radionuclide contamination in environmental media are generally
calculated for human health protection. Very few studies have been conducted to relate
the effects of radionuclides on non-human receptors. Most plant populations are less
sensitive than animal populations to radionuclides or their radiation. In most cases, the

plants in the grasslands at the RFP are short-lived and turnover is rapid. Most species of
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wildlife are also short-lived and, therefore, not sensitive to radiation effects. The
exceptions are a few long-lived predatory bird and mammal species which may be sensitive
to radiation effects. Soil invertebrates or anthropods may be sampled and used as
indicators of plutonium uptake and possible bioaccumulation in the terrestrial environment.
However, these populations have rapid turnover rates with respect to numbers, nutrients,

and energy. They may not be good indicators of effects in many cases.

The aquatic ecosystems at the RFP may exhibit bioaccumulation of radionuclides. They
will be sampled and evaluated during this EE. Previous sampling of aquatic communities
in ponds and lakes near the RFP has revealed some bioaccumulation in seston (the mass
of various living and nonliving substances in the water column) but, apparently, no transfer
of plutonium within the food chain (DOE, 1990a).

Literature searches will be conducted to locate toxicity studies on plant and animal
populations involving plutonium and americium. Also, studies investigating the
carcinogenicity and other toxic effects of plutonium, but involving high doses in controlled
laboratory conditions, will be evaluated to see if any of the results might be applicable to
conditions at OU No. 2. In addition, limited toxicity tests may be conducted on target

organisms to assist in determining what concentrations might be toxic.

2.4.4 Risk Analysis

The risk posed by contaminants released from OU No. 2, assuming "no action," will be
assessed using one or more techniques. Six different methods of analyzing risks to the

environment from contaminants present at OU No. 2 are discussed in this Subsection:

1. Comparing exposure point concentrations to published criteria or doses with
known adverse effects

2. Comparing toxicity test data on laboratory organisms (e.g., fathead minnows)
to actual populations in the landfill environment

3. Comparing populations of plants or animals existing in contaminated areas
to the same populations in uncontaminated or "reference” areas
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4. Using a quantitative dose-response assessment for a limited number of
species

5. Using or bioaccumulation methods

6. Applying quantitative fault/event tree analysis.

The first method, referred to as the quotient method, involves comparing the concentrations
of a contaminant at known exposure points to published criteria or regulatory standards
(ARARs), or to a dose known to cause adverse or toxic effects (for example an LCyy). As
discussed in previous sections, the risk from chemical or radiological contaminants to
populations in nature, based on toxicity tests or epidemiological data, are not available in
many cases. Therefore, the quotient method can be used, employing criteria that have been

established from the toxicological literature.

A second risk analysis method involves comparing data from laboratory toxicity tests on
standard species to native species, such as laboratory mice to deer mice in the grassland
near OU No. 2. Appropriate correction factors must be applied to incorporate variability
among species, life stages, and so forth, and to account for differences between conditions
in the laboratory and in the natural environmental. This method will yield an indication
of what concentration of a contaminant will be a safe level, below which no adverse effects
are expected to occur. A logical refinement of this method would be to conduct toxicity
tests on native species using water or soil from the OU No. 2 area, simulating

environmental conditions as much as practical.

A third method is based on comparing on-site populations in known or expected
contaminated areas to similar populations at reference (upgradient uncontaminated) areas.

Population parameters (e.g., growth rates, reproduction rates, and mortality rates) or

- community parameters (e.g., species diversity, standing crop, and productivity) are used

to assess the differences between the populations in impacted and non-impacted areas. At
the concentrations of contaminants expected in the RFP ecosystems, this method may not

be sensitive enough to unequivocally determine consequences.
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In the fourth method, if the ratio of the daily intake to an acceptable intake exceeds 1.0
(unity) for the defined exposure scenario, there is an indication that the exposed species
may be subject to an adverse impact and that further investigation should be undertaken.
If the ratio is below unity, it is generally assumed that no adverse impact will occur. This

method is comparable to the human health risk assessment approach.

In the fifth method, exposed populations are examined to determine if tissue concentrations
are greater than environmental media concentrations. The tissue to media ratio is referred
to as the bioconcentration factor (BCF). Tissue concentrations can also be estimated from

published BCF sources if the on-site media concentration is known.

A sixth method for analyzing risk that will be considered for possible use at OU No. 2 is
the use of fault/event tree analysis. This process examines the release scenarios, pathway
analyses, and possible consequences to the ecosystems in a step-wise sequence. It uses
logic diagrams in phased scenarios to which probabilities can be assigned. This is a

quantitative probability method in which uncertainties can also be quantified.
Other methods that have been used for ecological assessment, such as ecosystem modeling
are not appropriate for use at OU No. 2. This method involves the use of computer

simulation and requires extensive field verification of the assumptions in the modeling.

2.4.5 Uncertainty Analysis

All risk estimates are dependent on numerous assumptions and the many uncertainties that
are inherent in the EE process. In any evaluation of the level of risk associated with a site,
it is necessary to address the level of confidence or the uncertainty associated with the

estimated risk.

Uncertainties are associated with both toxicity information (e.g., hazard identification and
dose-response assessment) and exposure assessment information. Consequently, factors
that may significantly increase the uncertainty of the EE results will be identified and

addressed in a qualitative and, where possible, a quantitative manner.
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Three qualitatively distinct sources of uncertainty endemic to any EE are: inherent
variability, parameter uncertainty, and model error. It is essential to distinguish between
these uncertainty parameters since they differ with respect to feasibility of quantification

and degree of possible reduction through research or environmental monitoring (Barnthouse
et al., 1986).

Inherent Variability

Constraints on the precision with which variable properties of the ecosystem can be
measured will limit the precision with which it will be possible to predict the ecological
effects of stress. The concentration of a constituent in a medium varies unpredictably in
fate and transport (space and time) because of essentially unpredictable variation in
meteorological parameters such as precipitation and wind direction. The spatiotemporal
distributions and sensitivities to stress of the target species in nature are similarly variable.
This variability can be quantified for many characteristics of the physical environment that
influence the constituent’s environmental fate (Barnthouse et al., 1986). For the OU No.
2 EE, actual analytical data will be used as the estimates of constituent soil and water
concentrations. Variable biological aspects of the ecosystem will be more difficult to

quantify.

Parameter Uncertainty

Errors in parameter estimates may introduce additional uncertainties. Parameter values
from the scientific literature may be estimated from structure-activity relationships or from
taxonomic correlations that are not corrected for site-specific parameters. In addition,
direct laboratory measurements may be subject to error. Unlike inherent variability,
however, uncertainties due to parameter error may be reduced by increasing the precision
of measurements or by replacing extrapolated parameter estimates with direct measurements

where possible.

Model Errors

Model errors will constitute the least tractable source of uncertainty in the EE. Major

sources of model error are: (1) using a small variable to represent a large number of
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complex phenomena; (2) choosing incorrect functional forms for interactions among
variables; and (3) setting inappropriate boundaries or limits on the model universe
(Barnthouse et al., 1986). Although these errors cannot be completely eliminated from the

EE, one of the EE objectives will be to reduce them as much as possible.
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3.0 ENVIRONMENTAL EVALUATION WORK PLAN IMPLEMENTATION

This section describes ten different tasks under which the EE will be organized, staffed,
managed, and performed. This task structure will be employed as the principal vehicle for
scheduling and budgeting the entire EE process. Program flexibility will be required as
the nature and scope of any particular task may need to be modified depending on the
results of the review of existing data, field investigations, and the sampling and analysis

program. The tasks are subdivided into those dealing with project organization and those

involving actual performance of the EE.

3.1 PROJECT ORGANIZATION AND MANAGEMENT

The tasks described in this section pertain to project organization, quality assurance and

quality control, health and safety, documentation, and control of schedules and costs.

Tasks pertaining to EE performance are described in Subsection 3.2.

3.1.1 Task 1: Project Organization and Management

The EE will be a multidisciplinary undertaking staffed by specialists from several different
scientific and technical disciplines. The project will be managed by a Task Manager who

will have primary responsibility for the following functions:
» Coordination of all ten EE tasks
» Selection and assignment of personnel
» Cost estimating, scheduling, and schedule/cost control
» Tracking of documentation and preparation of the EE report (EER)

* Liaison with EG&G and submittal of progress reports and other
documentation

+ Coordination with whatever contractors are performing the OU No. 2
RFI/RIFS.

The EE staff will include, but not necessarily be limited to, specialists in the following

disciplines:
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Surface water and ground water hydrology
Soils science/geology

Terrestrial ecology

Aquatic ecology

Environmental toxicology

Climatology

Computer modeling

Health and safety

Quality assurance

Costs/schedule control.

[ [ ] L 4 [

Representatives of each of the technical and scientific disciplines will work together as a
team to characterize the OU No. 2 site and the surrounding area that could possibly be
affected by OU No. 2 contaminants. The exact geographic scope of the investigation
cannot be determined until existing literature has been reviewed and some field work has
been undertaken. The scientific and technical team will identify the geographic scope, the
location of sources of contamination on or near the site, the types and distribution of
ecological habitats, and the nature of possible air, water, sediment, and soil pathways. The

details of these investigations are described in the methodology discussion in Section 2.0.

The EE for OU No. 2 cannot be conducted in a vacuum. Throughout the EE process, it
will be important to coordinate efforts with those who are simultaneously performing the
RFI/RIFS and the health risk assessment. It will also be necessary to coordinate with those
responsible for EEs or other types of investigations at OUs in close proximity to OU No.

2. Presumably, these coordination efforts will be expedited by EG&G personnel.

3.1.2 Task 2: Quality Assurance and Quality Control (QA/QC) Program

The EE will be implemented under the Quality Assurance Program Plan (QAPP) and the
project-specific Quality Assurance Task Plan (QATP). The QATP is consistent with the
draft QAPP prepared for the Environmental Restoration Program at the RFP (Rockwell
International, 1989c). It is likely that this has been updated by an EG&G contractor. The
QATP will describe the QA/QC policy and protocols necessary to achieve the required data
quality objectives (DQOs).
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The QAPP and QATP program will address such items as:

Project organization
Authorities and responsibilities
QA objectives

Sampling and analysis procedures
Custody of samples

Analytical procedures

Data validation reporting
Internal quality control

Data assessment procedures
Quality assurance reports
Auditing.

3.1.3 Task 3: Health and Safety Plan

A Health and Safety Plan, needed to meet the minimum requirements identified in the
Rocky Flats Plant Environmental Restoration Program Site Health and Safety Plan
Workbook (EG&G, 1990), will be developed for the EE prior to the commencement of any
field investigations or field sampling. The Workbook addresses the following health and

safety requirements:

o Safety and Health Assessment (chemical, radiological, biological, and
physical hazards)

¢ Training

o Personal Protective Equipment (PPE)
» Site Monitoring

» Decontamination

+ Emergency Response

» Confined Space Entry

» Spill Containment

Because OU No. 2 contains 18 solid waste management units (SWMUs) [or individual
hazardous substance sites (IHSSs)], personnel involved in the actual field work and

sampling will be required to have 40 hours of Occupational Safety and Health
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Administration (OSHA) training. They will be instructed in the use of personal protective
equipment (PPE) appropriate for the level of hazardous substances expected to be found.

The Health and Safety Plan will also address decontamination procedures for personnel and

equipment.

In addition, all personnel assigned to field activities at OU No. 2 will receive two hours
of health physics training. This training will address the types of radionuclides expected
at the unit and the potential effects of human exposure. Appropriate precautions and
protective measures for those potentially exposed to radiological hazards will be

incorporated into the Health and Safety Plan.

3.1.4 Task 4: Project Documentation

The EE will produce multiple types of documents and documentation requirements: - EEW
modifications; progress reports; minutes of meetings with EG&G; field data; photographs;
existing reports and other data; records of telephone conferences; scientific literature;
sampling and analytical data; and the draft and final EE reports. To the extent practical,
all EE documentation will be retained in the same location for easy access by members of

the project team.

3.1.5 Task 5: Scheduling, Costing, and Schedule/Cost Control

Personal computer-based software systems will be used to prepare schedules and assess
cost/schedule performance. Basic information for the cost/schedule tracking software will
be provided by downloading from the IT Job Tracking System (JTS). The JTS is an IBM
System/38 which provides weekly current-period and job-to-date reports for labor,

materials, equipment, outside services, and analytical costs.

The scheduling software to be employed for the EE is a Super Project Planner (SPP). The
SPP is a personal computer-based planning system which integrates schedule, resource
allocation, and budget. The Task Manager will establish a schedule allocating resource
personnel and time requirements to each of the EE tasks. The planned costs for the EE

will be established and a budget calculated for each activity and each task.
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A performance measurement system which measures the percent complete and the actual
costs of each activity against the budgeted costs will be utilized throughout the EE.
Variances in actual costs and schedule when compared to the projected baseline will then

be tracked and evaluated.

3.2 ENVIRONMENTAL EVALUATION

The tasks described in this section address data evaluation and analysis, field investigations
including field sampling and analysis, the ecological risk assessment, and preparation of
the EE report. These tasks may need to be modified depending on the nature and extent

of the existing database.

3.2.1 Task 6: Review of Existing Information

The depth and breadth of existing data and site information pertaining to OU No. 2 and its
immediate vicinity is not currently known. Several reports, including the Phase I RFI/RIFS
and the Phase II RFI/RIFS Work Plan, are available for OU No. 2. There are also monthly
and annual RFP Environmental Monitoring Reports as well as some rather generic

information on plant and animal species and habitats including wetlands.

As the list of references included in this EEW indicates, there are a number of sources of
useful information in the scientific literature and in reports prepared by Colorado State
agencies and universities. The collection and review of the existing database on wetlands
and floodplains, threatened and endangered species, meteorology, geology, soils,
hydrogeology, hydrology, geomorphology, and other topics will in itself be a significant

task. It will guide how each of the subsequent tasks are to be conducted.

3.2.2 Task 7: Data Evaluation and Analysis

As discussed in EEW Subsection 2.1, site-specific information and the scientific literature
will be reviewed and analyzed to provide a comprehensive data source for the EE. The
data evaluation and analysis task will review the existing database to determine, among

other things, the following:
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» Identification and concentration of contaminants of concern (organics, metals,
and radionuclides)

» Site-specific characteristics (climatology, surface water, ground water, soils,
geology, hydrology, geochemistry, and terrestrial and aquatic ecosystems)

o Adequacy of data and additional data needs.

The nature, extent, and scientific credibility of the existing database will, in great part,

dictate the parameters for the field investigations in Task 8.

3.2.3 Task 8: Field Investigations (Including Field Sampling)

The approach to field investigations, including field sampling and analysis, is described in
detail in Subsection 2.2.4 and Appendix C. Field investigations will be adequate to
determine: (1) contaminant source characterization; (2) exposure pathway characterization;
(3) presence, absence, and distribution of biological receptors, and (4) assessment of
toxicity or stress on terrestrial and aquatic ecosystems. While data required to address
items (1) and (2) is assumed to be available from the Phase I and II RFI/RIFS
investigations, some additional data (e.g., information on sediments) will need to be
collected in the field. Also, additional data will need to be develope